We compared the diagnostic utility of rcccntly propnscd slope assays for serum creatine kinase and creatine kinasc-2 with the optimiied dccision thrcsliold assays. The former approach has been claimed to be superior to any other single diagnostic technique. We show, by ROC curve and likelihood ratio analyses, that the total creatine kinase slope assay possesses thc samc diagnostic powcr, when confidence intervals are used, as the optimized dccision threshold assay. Moreover, slope assays of crcatine kinase-2 were diagnostically inferior to thc optimized decision threshold assays. Indeed, these latter, optimized, assays have the highest likelihood ratios for a positive test result of the available assays. and thcy should always be used in situations of diagnostic doubt.
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The serial measurement of serum activities of creatine kinase (CK; EC 2.7.3.2) and CK-MB (CK-2) following a myocardial infarction is presently acknowledged to be the most efficient combination of early diagnostic tests for this condition. ', 2 Collinson et ~1 . j .~ have further proposed that the determination of the 'CK slope value' sampling on admission to hospital, and at 6 h and 12 h later, provides a very rapid and accurate technique for confirming or excluding myocardial infarction. Their study of 34 myocardial infarction patients, using their CK slope technique, had a test sensitivity of 100% and a test specificity of 94%, while test evaluation using the conventional upper reference limits, had a sensitivity of 94% and a specificity of 90%.4 Rutty et
We recently re-evaluated the diagnostic utility of total CK and CK-2 in myocardial infarction using ROC curve and likelihood ratio evaluations on a population of 151 proven cases in which we optimized 'rule-in' and 'rule-out' decision thresholds for constant test sensitivity and specificity through the course of the enzyme abnormalities.2 We now report our experience using the same techniques applied to results from the CK slope method. We compare these results confirmed these claims.
Correspondence: Dr FY Leung. with the results obtained using our optimized decision thresholds.'
MATERIALS AND METHODS

Samples and patients
Our patient population consisted of 272 males ( n = 194, ages 25-89, mean 61 years) and females (n = 78, ages 29-87, mean 67 years) admitted to the Cardiac Care Unit of this hospital with chest pain. A diagnosis of myocardial infarction was later either confirmed (n = 151) by one of us (GJ) using our previously described criteria' (history of chest pain compatible with prolonged myocardial ischaemia, appropriate electrocardiographic evolution of transmural infarction or ischaemic ST-T changes compatible with subendocardial injury, 2-D echo and (or) radionuclide (scintography) evidence of segmental left ventricular dysfunction) or excluded (n = 121). The proportion and location of the infarctions were as previously reported.' Blood samples were drawn to determine the activity of total creatine kinase and C K isoenzymes at the time of admission and at 4 to 6 h intervals up to 24 h from onset of chest pain.
CK assay
We determined total CK at 37°C in a Cobas Fara 78 centrifugal analyser (Roche Diagnostics, Etobicoke. Canada M9C 5S4). using the Scandinavian recommended assay' with reagents supplied by Roche Diagnostics. The betweenbatch coefficient of variation (CV) for total CK was t 2 % .
CK isoenzyme assay
We separated the CK isoenzymes by electrophoresis on a buffered agarose gel system (Beckman Instruments Inc., Brea, USA). After electrophoresis, the isoenzymes were detected by means of a specific fluorometric reaction and quantified by scanning with a fluorescence densitomctcr ('Cliniscan'; Helena Laboratories, Beaumont, USA). The between-batch CV was < 12% for CK-2.
Slope determination and evaluation
Five of the patients with a confirmed myocardial infarction had decreasing values for total CK activity within the time-period of the study; these data were removed before further data analysis. The values of each patient's total C K and CK-2 results in activity units, and as a percentage of the total CK, were logarithmically transformed (base 10) and evaluated against time to determine the slope by least squares regression analysis.' At least three sequential samples were required from timc of admission for the determination of the slope by linear regression. The diagnostic efficiency of these slope values for the diagnosis of myocardial infarction was evaluated using a MUMPS program as previously described.'
Definition of terms
All terms used in this paper are as previously defined.',x They are also briefly defined' in the Appendix.
RESULTS
Conventional, optimized, assays
Our data is shown in Tables 1 and 2 using test sensitivities and specificities established for the 7-12 and 13-18 h time periods.2 We selected this latter time interval, after the onset of chest pain, as being most directly comparable with results obtained by the slope technique which is based on sampling within the 12h period following hospital admission. We fixed test sensitivies (or specificities) at levels of 90, 95, and 99% and calculated their associated specificities (or sensitivities), and their respective positive or negative likelihood ratios. Areas under the respective ROC curves (with 95% confidence intervals)" were:
Slope determinations
The data obtained from our population, using the techniques of Collinson et aI.'a4 is shown in Table 3 . Calculations were as described for Tables 1 and 2 . To obtain positive slope values we removed the data for five patients who showed falling total CK activities within the 18 h period. Areas under the respective ROC curves (95% total CK, slope = 0.9628 (0,9460-0.9796); CK-2 (U/L), slope = 0.8391 (0.8127-0.8655); CK-2 (%), slope = 0,6494 (0.6147-0.6841).
confidence intervals) were:
DISCUSSION
In their assessment of the slope technique, Collinson et used a test with a high sensitivity (rule out myocardial infarction) as demonstrated in Fig. 1 . They then compared this test with results obtained using decision thresholds based on the upper reference limit. Such thresholds will, obviously, have lower sensitivities than the slope assay because they are located somewhere between the rule-out and rule-in cut-offs ( Fig. 1) .
It is now accepted that conventionally-obtained upper reference limits are not optimized for par- How does the slope test compare with tests using optimized decision thresholds? Before making such a comparison, it is essential to point out that while Collinson e t a / . used data based on times of' admission, we used data based on the time of onset of'chest pain. Therefore, these sets of data will be slightly asynchronous.
Areas under the respective ROC curves (see Results) provide useful comparative data about the effectiveness of two tests. Looking first at our optimized decision threshold data for the 7-12 h period, and comparing it with the slope methodology, it is apparent that the slope assay for total CK activity is the better assay, but that the optimized assays for CK-2 are superior to all other assays-as would be expected. However, when using a more comparable time period (13-18h), it is seen that both total CK assays provide equally useful diagnostic data (the confidence intervals overlap), but the optimized decision threshold CK-2 assays are clearly superior to the slope assays, as also occurred in the earlier time interval. The CK-2 slope assays probably suffered, in our hands, as it did in the experience of CoIIinson et from its narrow time-window. Such experience suggests that the CK-2 slope assay should be used with CK-2 activities obtained at shorter time-intervals after infarction.
An examination of the respective positive likelihood ratios (Tables 1 to 3) show that the total CK slope assay is marginally superior to either of the optimized total CK assays, but the optimized decision threshold CK-2 assays are far superior to the slope assays. In this analysis, we have deliberately chosen 99% as the highest test index attainable in practice. Collinson et al. obtained a test sensitivity of loo%, but we believe that such a high sensitivity may not be attainable in the long run. We have already noted the importance of selecting patients whose total CK activities increase during the period of study, otherwise the use of the slope assay is compromised. A further disadvantage of using very high test sensitivities is shown in Tables 1 to 3. The positive likelihood ratio drops markedly from the 90% level.
The negative likelihood ratios (Tables 1 to 3) are also superior for the total C K slope assay, but the CK-2 slope assays have much less power for excluding myocardial infarction* than d o the optimized decision threshold CK-2 assays (Tables 1 and 2).
We therefore conclude that the technique of estimating the CK slope following a myocardial infarction is not necessarily 'superior to any other single diagnostic te~hnique'~-because the total C K slope and the optimized decision threshold total CK assay have almost the same diagnostic utility. Also, optimized decision threshold CK-2 results were markedly superior to both total CK and CK-2 slope results. The CK-2 assay should therefore be used whenever the initial abnormal total C K result falls within the pre-determined rule-in and rule-out cut-offs ( Fig. I) . With the availability of rapid CK-2 assays,'* such a strategy should not present any major methodological problem and this approach is increasingly used in our laboratory. [Due to a printerk error in this reference. the Iqynds are correct hut tha ,figures have been transposed. Their correct locutions are: Fig. 2 (printed Fig. 3 ) , Fig. 3 (printed Fig. 4 ) , Fig. 4 (printcd Fig. 5 ) , and Fig. 5 (printed Fig. 211 
